Many women with 'early' breast cancer now receive systemic adjuvant therapy along with surgical treatment because occult micrometastases may already be present.
Any benefits accruing from adjuvant therapy are attributed to direct effects on the cancer cells, but it is also possible that such treatments migh subtly modify any host resistance to the tumour.
To investigate some effects of adjuvant systemic therapy on the patient we have performed a pilot study of changes in peripheral blood lymphocyte population following a short course of cyclophosphamide and/or tamoxifen.
Patients from three centres participating in the Cancer Research Campaign adjuvant trial were recruited into the study. All were clinically Stage I and II breast cancer patients without previous or synchronous malignancy and were on no other treatment. Routine local surgery was performed and the patients were then randomised into one of four groups. Group 1 received no adjuvant treatment (8 patients); Group 2 was started on tamoxifen -10mg twice daily within 24 h of surgery (14 patients); Group 3 received cyclophosphamide -5mg kg -1 day -i.v. over a 6 day period beginning on the first postoperative day (6 patients); Group 4 received both cyclophosphamide and tamoxifen (13 patients).
Blood samples (30 ml) were taken from each patient on day 0, (the morning preceding surgery), and on day 8.
Total white cell counts were performed by Coulter counter and differential counts by microscopy of stained smears.
Peripheral blood mononuclear cells were isolated by density gradient centrifugation on FicollHypaque (Pharmacia) (Boyum, 1968) . Lymphocyte subsets were enumerated using the monoclonal antibodies Leu 4, Leu 3, Leu 2 and Leu 11 (Beckton & Dickinson) . Anti-Leu 4 identifies peripheral T-lymphocytes, anti-Leu 3 identifies the helper inducer subset of T cells, antiLeu 2 identifies the suppressor/cytotoxic subset and anti-Leu 11 reacts with a population of mononuclear cells thought to perform natural killing (NK). An indirect technique using a second fluorescence-conjugated rabbit anti-mouse antibody (Dako-Patts) was Table I . The mean change for each group between the day of surgery, day 0, and day 8 is also given.
Patients who received no adjuvant therapy (Group 1) showed no significant change in the lymphocyte count. T-suppressor/cytotoxic cells were slightly reduced in number, but the others were unchanged.
The patients receiving tamoxifen only (Group 2) showed more marked changes. The mean lymphocyte count had increased as had the total T cells. There was a rise in T helper/inducer cells with a less marked increase in T suppressor/cytotoxic cells. NK cells were also increased.
Conversely patients receiving cyclophosphamide (Group 3) had a reduced lymphocyte count affecting all subsets. Group 4 patients receiving both cyclophosphamide and tamoxifen also showed reductions in lymphocyte and subset numbers, though smaller than those of Group 3. The group mean changes were then compared by a two-way analysis of variance. The outome of this analysis is shown graphically (Figure 1 a-e) .
This 'two-way' analysis allows for different sources of variation to be accounted for. The effects of each drug may be significant or insignificant and these are estimated independently. If the effects of each drug were simply additive (i.e. with no interaction effect) and if no random experimental error were present, the graphs would be true parallelograms. The high probability values (P) reported for the interaction of cyclophosphamide and tamoxifen indicate an independent effect of the two drugs. Furthermore the low probability values for the independent effects of cyclophosphamide and tamoxifen, tend to support a genuine effect. It can be seen that for each cell type the two drugs act in opposition: tamoxifen increases the numbers of cells bearing T and NK markers in the peripheral blood while cyclophosphamide reduces them.
These results indicate that surgery alone had little effect on the total lymphocyte count or upon T cell subsets in the eight control patients, with only a minor reduction in the T-suppressor cells in the day 8 sample. Surgery per se may cause a little immunosuppression; e.g. after cholecystectomy T-helper: Tsuppressor cell ratios decreased on the first postoperative day but returned to normal by the fifth day (Hansbrough et al., 1984) . Therefore most of the changes we observed on the eighth day in the adjuvant-treated patients will have been due to the adjuvant treatment rather than surgery: the effects of surgery are further excluded by the analysis of variance between the groups.
Cyclophosphamide treatment caused a fall in the total lymphocyte count, but might have had a preferential effect on specific subsets. Nearly 20 years ago it was found that a 5 day course of cyclophosphamide in guinea pigs augmented cellmediated delayed hypersensitivity reactions (Maguire & Ettore, 1967) . Subsequent animal work has shown that T cell mediated immune responses are under the control of cyclophosphamide-sensitive suppressor cells (Rollinghof et al., 1977) . A preferential effect of cyclophosphamide upon such cells would augment cellular immunity. However, few studies have been performed in humans. In vitro studies suggest that in man T-suppressor cells are cyclophosphamide-sensitive (Ozer et al., 1982) .
Two studies have shown that in patients with advanced cancer a single dose of cyclophosphamide can increase cutaneous cell-mediated reactions (Berd et al., 1982; Berd et al., 1984) , and one study reports that cyclophosphamide produces 'favourable' changes in the T-helper:T-suppressor ratio (Bast et al., 1983) . Our results show that all subsets were reduced in number and suggest that T-helper/inducer cells were more affected than T-suppressor/cytotoxic.
Our results may differ from these other reports for several reasons: Firstly the above studies were performed on patients whose immune responses were suppressed by advanced cancer whilst our patients with early cancer probably do not differ from the normal population (McCluskey et al., 1983) . Secondly, the phenomenon of enhanced immunity is dependent both on the dose and timing of cyclophosphamide. The above studies used a single large dose of cyclophosphamide (up to 25mgkg-1) whereas adjuvant treatment employs less drug for longer (5 mg kg-I day-1 for 6 days).
The results obtained with tamoxifen were unexpected. The absolute numbers of lymphocytes, T cells, T-helper/inducer and NK cells increased, with a less remarkable change in the Tsuppressor/cytotoxic cells. The analysis of variance suggests that tamoxifen may have opposed the decrease in T-suppressor/cytotoxic cells caused by surgery alone, but the overall effect was to produce an increase in all classes of lymphocyte analysed in the peripheral circulation.
Further evidence for a stimulant effect produced by tamoxifen is seen, in the group receiving combination therapy. Although the combined treatment did cause lymphodepletion, the intergroup analysis suggests that tamoxifen opposed the effect of cyclophosphamide (Figure 1) . Interestingly it has recently been shown that women receiving tamoxifen for breast cancer showed significantly elevated NK activity when compared to patients on all other chemotherapy, including cyclophosphamide (Brenner et al., 1985) .
Our study confirms this observation in terms of NK cell numbers but also suggests that other populations of lymphocytes in peripheral blood are increased. It is difficult to assess the significance of this finding. A 2 year course of adjuvant tamoxifen favourably influences the course of early breast cancer, but surprisingly perhaps the effect does not correlate with menopausal or node status or indeed with the level of oestrogen receptors in the tumour (Baum, 1985) . It is possible that other mechanisms may be involved in addition to any antioestrogen effect. We have observed changes in cell populations, but whether these are of importance can only be assessed by further studies which should include functional assays of the T cell and NK cell systems.
